The present study has been carried out to investigate the possible therapeutic effect of curcumin loaded iron oxide nanoparticles (MNP-CUR) administered through intraperitoneal (i.p) injection after whole body gamma irradiation of rats. Whole body gamma irradiation of rats at 6 Gy (single dose) caused significant reduction in red blood cells count, hemoglobin levels, lymphocytes, neutrophils, and monocytes associated with highly significant elevation in malondialdehyde (MDA). The reduction in catalase (CAT) activity and the reduced levels of glutathione GSH were observed after three weeks postirradiation. Administration of MNP-CUR after irradiation resulted in a significant improvement of the hematological parameters andreduced changes in MDA, GSH and CAT levels were induced by gamma irradiation.The combination of MNP and CUR was found to be advantageous for the after -exposure treatment because the effect of radiation is stealth. An individual may spend days, weeks or even months exposed to radiation doses without becoming alarmed. Exposure to ionizing radiation is known to have an effect on the body cells, especially the blood cells and cause a marked decline in their viability and proliferation.
Introduction
Ionizing radiation (IR) causes damage in biological tissues by exciting or ionizing their atoms and molecules. Depending on the radiation exposure dose, and the biochemical processes,the biological response to radiation damage may be prompt (the expression time may be within minutes to weeks after exposure)or delayed (the expression time may extend to several months or even years after exposure) [1] . With sufficient amount of radiation deposited energy within biological tissue, IR may induce physical symptomatology within minutes of exposure; the prodromal phase includes nausea, vomiting, and fatigue. These prodromal symptoms can be followed by a dramatic decrease in peripheral blood cell counts, as the blood renewal system of highly proliferating hemopoietic cells are known to be sensitive to IR [2] . The white blood cells show the most immediate response to IR by exhibiting a dramatic drop within 24h (one day) following radiation exposure. In contrast, RBCs and platelets decline more gradually, over a longer time period [3, 4] . Exposure to IR induces the production of reactive oxygen species (ROS), which include superoxide, hydroxyl radicals, singlet oxygen and hydrogen peroxide. These free radicals react with critical cellular components, such as DNA, RNA, proteins, and membranes, resulting in cell dysfunction and the initiation of apoptotic pathways leading to cell death [5, 6] . Magnetic iron oxide nanoparticles (MNPs) are one of the most extensively investigated compounds, due to their excellent biocompatibility and ease of synthesis for a wide variety of applications [7] [8] [9] [10] [11] [12] . Curcumin (CUR), (1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione), is a linear diarylheptanoid natural pigment isolated from the rhizome of Curcuma Longa [13] . CUR possesses a wide range of pharamacological activities, such as anticancer, anti-inflammatory, anti-oxidant and antimicrobial activity [14, 15] . In addition, it has been also reported as a potential radio-protective agent [16, 17] . CUR exists in solution as a tautomeric mixture of keto and enol forms. The keto-enol tautomerism is responsible for the free radical scavenging property of CUR [18, 19] . The clinical use of CUR is of significant challenge due to its poor solubility in aqueous solutions, relatively low bioavailability, intense staining color and rapid metabolism [20] The aim of the present study is to investigate the therapeutic effect of curcumin-loaded magnetic nanoparticles (MNP-CUR) in the treatment of the harmful effects of IR in rats. [21] . Loading CUR into the MNPs, wasconducted according to a previously reported protocol [22] . Produced MNP-CUR were characterized with transmission electron microscope (TEM),(EFI Netherland, Model Tecani G20), supertwin, double tilt, and Gun type LaB 6 . The applied voltage was 200 KV and magnification reached 1000,000 X. The particle size and distribution in aqueous medium of the MNP-CUR formulation (50µL of 500µg/mL dispersed in 3mL of distilled water and using ultrasonic path for 30 minutes). Spectral properties of freeze-dried CUR and MNP-CUR were also characterized and compared using Fourier transform infrared (FTIR), as powder in KBr at scanning speed of 4 cm -1 between 400-4000 cm -1 (32 scans) on an illuminate IR TM FT-IR microscope (Smiths Detection, Danbury, CT). Sixty adult male albino rats of pure strain ranging from 130-150g body weight were obtained from the animal house of the Animal Nutrition Research Unit in theNational Center for Radiation Research and technology, Egyptian Atomic Energy Authority. Animals were housed in especially designed cages (5 rats/ cage). All rats were kept under good conditions, allowed free access to tap water and pellet dietAd libitum. The animals were divided into six groups(10 rats each): control group (Control), magnetic nanoparticles group (MNPs) which was injected i.p. with 1.5mg / kg magnetite twice for three weeks, curcumin loaded magnetite group (CUR-MNPs) which was injected i.p. with 1.5mg /kg curcumin loaded magnetite twice a week for three weeks, irradiated group (gamma radiation) exposed to sub-lethal (6Gy) whole body γ-irradiation, Irradiated magnetic nanoparticles group (R+MNPs) which was exposed to sublethal dose (6Gy) gamma irradiation and then injected i.p. with magnetite NPs twice a week for three weeks and irradiated CUR-MNP Group (R+CUR-MNPs) which was exposed to sublethal dose (6 Gy) gamma irradiation and then injected i.p. with curcumin loaded magnetite NPs twice a week for three weeks. Whole body gamma irradiation was performed by Gamma-cell 40 (with cesium-137 gamma source) belonging to the National Center for Radiation Research Technology (NCRRT), Cairo, Egypt. Animals were exposed to irradiation 6 Gy as a single dose, at a dose rate of 0.957 Rad/s. Blood samples were taken weekly from the retro-orbital venous plexus. Each blood sample was collected into tubes containing heparin for complete blood picture. At the end of the experiment after three weeks animals in all groups were sacrificed by decapitation and their liverswere excised, then perfused with cold saline to exclude the blood cells and then blotted on filter paper, and stored at -20°C for subsequent biochemical analysis (MDA, CAT and GSH). Complete blood counting (CBC) was determined by cell counter fully automated (Sysmex, Japan) [23] . Liver glutathione concentration was determined according to the method described by [24] . Catalase activity was determined according to the method described by [25] . MDA concentration was determined according to the method described by [26] . All results were expressed in mean ± SE. Statistical analysis was performed using statistical package for the social science for windows (SPSS, version 11.0, Chicago, IL, USA). The data were analyzed by one-way analysis of variance (ANOVA).
Materials and Methods

Results
The TEM image in Fig 
 
Where m is the absolute mass of the curcumin in the KBr pellet and T is the infrared transmittance (%). Using this technique, the normalized infrared absorption was calculated and presented in Fig.(2b) As shown in Table ( 3) and Figs. (11 and 12) showed that at the first week (T1), second week (T2) and third week (T3) post 6Gy-irradiation, the activity of the antioxidant enzymes; CAT, GSH in the liver tissue in irradiated group was significantly decreased (P < 0.05), as compared the control group, However, the liver tissue MDA, in the irradiated group, was significantly increased (P < 0.05) when compared to the control group. Conversely, the irradiated rats treated with MNPs and CUR-MNPs showed a significant improvement in the antioxidant status via enhancement of the antioxidant enzymes activities (GSH, CAT). T1  T2  T3  T1  T2  T3  T1  T2  T3  T1  T2 ( x10  3 )  T1  T2  T3  T1  T2  T3  T1  T2  T3  T1  T2 
Discussion
Bioactive substances are found to improve in efficacy when loaded in nanoparticles such as MNPs. This improvement is directly influenced by the efficiency of loading of the bioactive substance in nanoparticles [ 27] . Although CUR is known to have antioxidant and anti-inflammatory activity, its use is limited because of its low bioavailability and poor pharmacokinetics [28] . Therefore, a CURMNPsnanosystem was developed to increase the bioavailability, pharmacokinetics and subsequently improve the therapeutic efficacy of CUR. Total body exposure to IR,as a cytotoxic agent, is generally assumed to cause damage to the hematopoietic cell system resulting in effects that contribute to the hematopoietic syndrome [29] .
The results in the present study showed that WBCs were found to be most sensitive to γ-ray irradiation which is in agreement with the results of Sanzari, et al. (2013) The intraperitoneal administration of MNP-CUR significantly enhanced the endogenous GSH and reduced the MDA levels in the liver of the irradiated rats which may be attributed to increased bioavailability of CUR.This may be due to administration as CUR-MNP resulting in more efficient anti antioxidant action of CUR that subsequently reduced the overwhelming load of ROS, caused by -irradiation, on the endogenous antioxidant systems including the glutathione peroxidase and CAT systems.
Conclusions
The efficacy of CUR-MNP to reduce the cellular damage induced by ionizing radiation was studied. MNP-CUR ameliorates the oxidative damage of γ-radiation. CUR-MNP provides a radio-resistance effect to bone marrow cells in animals that received γ-radiation. The use of commercial CUR may be limited due its poor oral bioavailability and solubility in plasma. The present study, with these naturally antioxidant loaded nanoparticles, provides an extended window for protection against sublethal-dose irradiation. It could be concluded that CUR-MNPs can be used as a radio protective agent to the professional radiation and remediation workers who may be exposed to low levels of ionizing radiation, and especially if it is administered after irradiation for therapeutic purposes. 
